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DENTAL FLOSS WITH THERMOPLASTIC COATING 
Tooth decay and dental disease can be caused by bacterial action 
resulting from the formation of plaque about the teeth and/or the entrapment of food 
particles in interstices between the teeth. Removal of plaque and entrapped food 
particles reduces the incidence of caries, gingivitis, and mouth odors as well as 
generally improving oral hygiene. Conventional brushing has been found to be 
inadequate for removing all entrapped food particles and plaque. To supplement 
brushing, dental flosses and tapes have been recommended. 

Dental flosses have been developed that include thickened "brush" 
portions and thin "floss" portions alternating along the length of the floss. The brush 
portion, when drawn between tooth surfaces, provides good cleaning action which 
removes materials left by a standard thin floss used alone. 

To form a floss including brush portions, it is necessary to provide 
bulked filaments in a strand of floss, i.e.. filaments which are separated and have a 
5 somewhat sinuous, random orientation. 

Dental flosses, both in brush and thin floss form, often include additives 
such as flavors or colors. These flavors have been conventionally applied by coating 
the additive onto the surface of the floss. Some dental flosses and tapes have been 
coated with waxes to aid in insertion of the floss or tape between the teeth. 
0 The present invention features improved dental flosses and filaments for 

use in manufacturing dental flosses. 

The filaments include an inner core having relatively high tensile 
strength, and an outer sheath of a soft material. Preferably, the inner core is a 
conventional floss material, e.g., a multifilament fiber formed of a polymer selected 
5 from the group consisting of nylon, polyester, polypropylene and polyethylene. Other 
manmade or natural fibers may also be used. The outer sheath preferably includes a 
thermoplastic elastomer, and has a Shore A hardness of 10 or less. The outer sheath is 
preferably applied over the inner core as a coating, but alternatively the floss may be 
formed by other processes, e.g., by coextrusion, provided that the floss includes two or 
more components (sheath and core), and at least two of the components are present in 
the form of substantially separate phases having a distinct interface between them, 
rather than being intermixed. Preferred flosses include brush portions. 
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^' n ™ f » 1 '«'-»»«m. l hod S o fmak i„ 6 , lleimprovtdjlo!ses 
» «*- (a) provid,„ e . mu „ if „ amenl ^ Md (b) a 

re.erred methods forthCT include bu|k . ng ^ muitifi]M fbe[ 

> torm brush portions. * 

Additionally, ,he invention features me , hods of ^ ^ 
— , e. e „ . hunla , by inseni „ 8 bKween mo Mh ^ fc 

denial (loss of the invention. ^ 

The term "dental floss-, as used herein, is defined ,o include dental 
nosses. denta, tape, and sMIar articles. lnat are w „ ^ ^ ^ ^ ^ 

The term -br^h portion-. as used he™, refers ,„ a porta of the dental 
oss ,„a, has hee„ hulked to pr „v,de a se B mc„, of randomly disIMled ^ 
filaments with a yam-like texture. 

Other features and advantages of the invention wili be apparent from the 
drawmgs, the following Detailed Description, and the claims. 

Figs. 1 and 1 a are photomicrographs of a dental floss according to the 
invention, at SOX and 117X magnification, respectively. 

Fig. 2 is a schematic diagram showing a dental floss manufacturing 
process according to one embodiment of the invention. 

Fig. 3 is a schematic diagram showing a dental il„ ss manufacturing 
process according to another embodiment of the -nvention. Fig. 3a ,s a schematic 
detail v,ew of a metered die block used in the process of Fig. 3. 

Preferred dental flosses of the invention include a core and an outer 
sheath of a soft polymer. Preferably, the core inc.udes a multifi.ament fiber and the 
outer sheath includes a thermoplastic elastomer. 

Preferred multifilament fibers inc.ude nylon, polyester, polypropylene 
other po.ymers capable of imparting tensile strength and/or rigidity to the floss 
Prefer^ fibers mc.ude bu.ked or "brush" scction , u desc , M fa , , " 

estred process, with the sheath preferab.y bemg app.ied after bulking has taken place 
Preferably, the brush sections, prior to application of the sheath layer, have a denier of 
from about 590 to 750 and include about 100 to 200 filaments 
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Preferred TPEs (thermoplastic elastomers), include styrenic block 
copolymers, such as those available from Dexco Polymers, Enichem Elastomers, or, 
under the trade name KRATON, from Shell; polycthcr block amides such as those 
available under the trade name PEBAX from ELF Atochem: polyester elastomers such 
5 as those available under the trade name HYTREL from DUPONT; EVA (ethylene vinyl 
acetate); ethylene-propylene copolymers; low MFI polypropylene; and mixtures thereof. 
Styrenic block copolymers are particularly preferred, particularly triblock A-B-A 
copolymers in which A is a styrene unit and B is a butadiene, isoprene or ethylene- 
butylene unit. One preferred block copolymer of this type is a styreneisoprene-styrene 

10 block copolymer with a styrene: isoprene ratio of 21:79, commercially available from 
Shell under the tradename KRATON-1107. This copolymer has a Shore A hardness of 
37, an elongation to break of 1300% and a 300% tensile modulus of only 345 kPa (50 
psi). Other suitable thermoplastic elastomers include gelatinous thermoplastic 
elastomers, such as the gelatinous plasticized poly(styrene-ethylene-butylene-styrene) 

15 triblock copolymers disclosed in U.S. 5,262,468. 

Preferably, the sheath layer also includes one or more extenders, to 
increase the softness of the sheath. Styrenic block copolymers may be extended with a 
wide variety of materials, as is well known in the art. Suitable extenders include oils, 
waxes, resins, asphalts, and other polymers (see, e.g.. Technical Bulletin No. SGI757- 

20 93, The Shell Chemical Company, describing extenders for KRATON block copoly- 
mers.) Extenders typically associate with either the styrene block or the rubber 
(isoprene, butadiene, etc.) block of styrenic block copolymers. Preferred extenders for 
increasing the softness of the polymer are those which associate with the rubber block. 
One preferred extender is mineral oil, e.g., DUOPRIME 90 mineral oil, commercially 

25 available from Lyondell Lubricants, a hydrocarbon petroleum oil which associates with 
the isoprene phase of KRATON D1107 block copolymer. Preferably, the sheath layer 
material includes a sufficient amount of extender to reduce the Shore A hardness of the 
material to zero or less. One preferred block copolymer/extender blend includes 32 
parts KRATON D1107 block copolymer to 68 parts DUOPRIME 90 mineral oil. 

30 The thermoplastic elastomer and extender are selected to provide a 

desired combination of softness and resistance of the sheath layer to tearing or abrasion 
when used. 
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>f^.* e »i«h layer may ,„c lu deo,herad«v £ , r „ r e,amp le 
•he sheath layer may c„„,ai„ ,„ abrasivt , for ^ 

abrastve/polyme, combina-ions include ny!on containing ^ of kao|in cafc 
carboy, *. oxide, silica. PTFE , or bleMt of , hese ^ ^ ^ ' 
> If" desired, one or more addittves raay h absorbed „ ^ ^ ^ ^ ^ 
abrasive par,*, e.,, by d™ dryin, spray ^ ^ „ 

""^ " " * * * * — »« inc.de a navor oi, 
such as peppermint oil (Imema,,,™, Flavors ^ Co ( ^ 

«-» dioxide, ,„ impar, coior ,o ,he floss, or amioxidants. ,„ prevent disc„,o,a,,on 

Preferably, the coating ,eve, is frora ^ l50% ,„ 400% ^ 
about 200,. W W/ , baKd on me dCTiM of , ht ^ ^ B ^ J 

he shea. ma,e,,al. For example, prefer.d muhifilamen, fibers bave a denier of aboo, 
590 ,o 750 pnor ,„ coati„ e , and a denic, 0 f from abom 2200 ,„ „„„ ^ 
.he shea* ma,eri a |. The optimum ecmg ,e vel w„, v „ y dependmfi „ po „ fc 

used as the sheath. 

As shown ,n Fi 8 s. , and la. in DrefaTed b ,„ sh ^ ^ ^ ^ ^ ^ 

only present on me surface of me fiber, bu, also is presen, between ,„e fllarasnB of the 

iiber. 

On. suitable method for applying th e sneillh laycr is A 
suttable solution coating process is shown schematically ,„ Fig. 2. As shown the 
multifilament fiber is guided under low tension f,„ m . ^ mrou8 „ . ^ of 
solutton a „d „po„ exiting „ e brt, passes through a die orifice. The size of ,h. die 

onftce wil, determme the M ccang ,e„e,. The preferred c«i„ B levels discussed 
above „ gamny oMnaS „ y ^ ^ orjf . te! ^.^ d . Mettrs ^ f ^ ^ 

.038- „ 0.042-. After passing through the d, orifice, the coated fiber passes into . 
ho. at, stream, provided by, e.g. , . ho, air g„„ „, a „ oven , „ drjve , he ^ ^ 
coaung solution and thus dry me ctmmg. Prefer bo, air temperatures » 8 e„em,l y 
from about 60- ,0 I50°C; me preferred temperature is selected based on the 
evaporation properties of me solvent us* i„ the M ,i„ g solution. Finally, , he „ 0S s is 
Bkenuponamou.rizedwimier. Prefer™, speeds of .ravel of , be fiber through me 
above process » from I to 100 mm***, with 40 to 100 meters/minu,e being 
preferred for commerca, processing The coated floss may, if destrcd. be placed in an 
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oven at 60 to 1 50°C overnight to remove any residual solvent. 

The coating solution includes the thermoplastic elastomer, a solvent, and an 
extender if necessary. If KRATON block copolymers are used, suitable solvents or 
solvent blends are generally those having a solubility parameter of from about 7 to 10, 
5 more preferably 7.7 to 9.4. One preferred solvent is OXSOL 100 solvent, 

commercially available from Occidental Chemical Co. (CAS Number 98-56-6). While 
this solvent has a solubility parameter of only 7.3, it is desirable because it is safe and 
considered to be environmentally-friendly. Many other solvents may also be used. 
Preferred coating solutions contain from about 10 to 80% solvent. Generally, when 
10 20% or less solvent is used, the coating solution will be in the form of a homogeneous 
gel which will flow upon application of mild heat (e.g., 30 to SOT). To prepare the 
coating solution, the components are mixed together and stirred, with mild heat (30 to 
50°C) being applied if necessary. 

One alternative process for coating the multifilament fiber is shown in Fig. 3. 
15 In this process, the thermoplastic elastomer (with extender, if necessary) is applied as a 
hot melt, rather than as a solvent-based solution. As shown in Fig. 3, the multifilament 
fiber is first taken from a spool, pulled through a metered die block (Fig. 3a), into 
which the hot melt is pumped through a nipple connected to the resin supply inlet, and 
wound under low tension. At the outlet, the die area is preferably about 0.001 square 
20 inches (equal to a 0.035" diameter round orifice). A reservoir perpendicular to the 
orifice is filled with the coating material (elastomer or elastomer/extender blend). The 
die block is fitted with heater probes and a thermocouple. The heater is set at a 
temperature sufficient to melt the coating material, and a plunger rod is used to feed 
the melt into the orifice, thus coating the floss. On exiting the die, the floss cools and 
25 is subsequently wound up. Suitable temperatures for the die block can be determined 
empirically for a particular elastomer or elastomer/extender blend and multifilament 
fiber; a suitable melt temperature will cause the coating material to flow easily and, if 
the multifilament fiber is a brush floss, to have sufficiently low viscosity so that the 
bulking of the brush floss is not unacceptably reduced (excessively high viscosity may 
30 in some cases cause the bulked filaments to be compressed together). Suitable hot melt 
processing equipment is available from Nordson, Co.. Duluth, GA. 

The following examples are intended to be illustrative and not limiting in 
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nature. 
Example 1 

A coating solution was prepared with 360 grams OXSOL 100 solvent 45 
grams KRATON DM07 rubber, 95 grams DUOPRIME 90 mineral oil, and 5 grams 
peppermmt oil. These ingredients were stirred together overnight to yield a 
homogeneous solution. ORAL-B ULTRAFLOSS® dental floss, having a denier of 
750, was threaded through the processing line shown in Fig. 2. The die used had an 
orifice diameter of 0.042 inches. Approximately 200 grams of coating so.ution was 
poured into the coating bath, and the hot air gun was set to give a temperature of 60°C 
around the floss. The coating process was started by setting the winder speed at 4 
meters per minute. The coated floss was then removed from the winder and placed ,n 
an oven at 60°C overnight. 

The final denier of the coated floss was 2524 (a coating level of 238% based 
on the initial denier of the ULTRAFLOSS dental floss). 
Example 2 

A block of extended elastomer was prepared for melt coating as follows 35 
grams KRATON Dl 107 rubber. 65 grams DUOPRIME 90 minera. oil, and 0.7 grams 
IRGANOX 1010 antioxidant were added to a I liter reactor. The mixture was heated 
to 135°C and manually stirred with a glass rod periodically. A homogeneous melt was 
obtamed after 30 minutes which was then cooled to room temperature and removed 
from the reactor as a solid block. The block was cm into strips and placed in the melt 
reservoir of the die block shown in Fig. 3. The temperature of the die block was set at 
150-C. ORAL-B ULTRAFLOSS® dental floss was then threaded through the pro- 
ceung line shown in Fig. 3. Coated floss similar to that produced in Example 1 was 
produced by drawing the dental floss through the metered die block and allowing it to 
coo] to room temperature. 

Other embodiments are within the claims. For example, a wire coating die can 
be used to apply the thermoplastic elastomer to the multifilament fiber, using wire 
coating techniques that are well known in the coating art, e.g., using an extruder and a 
gear pump to extrude the elastomer through the wire coating die. 
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CLAIMS 

1 . A dental floss comprising a fiber core and an outer sheath comprising a 
thermoplastic elastomer. 

2. The dental floss of claim 1, wherein the fiber core comprises a multifilament 
fiber. 

3. The dental floss of claim 2, wherein the multifilament fiber includes a brush 
portion. 

4. The dental floss of claim 1, wherein the thermoplastic elastomer comprises a 
block copolymer. 

5. The dental floss of claim 4, wherein said block copolymer is a styrenic block 
copolymer. 

6. The dental floss of claim 5, wherein the block copolymer is selected from the 
group consisting of styrene-isoprene-styrene, styrene-butadiene-styrene, and styrene- 
ethylene-butylene-styrene copolymers. 

7. The dental floss of claim 1, wherein said thermoplastic elastomer is a 
gelatinous thermoplastic elastomer. 

8. The dental floss of claim 7, wherein said gelatinous thermoplastic elastomer is 
a gelatinous plasticized poly(styrene-ethylene-butylene-styrene) triblock copolymer. 

9. The dental floss of claim 1, wherein the outer sheath further comprises an 
extender. 

10. The dental floss of claim 5, wherein the outer sheath further comprises an 
extender. 

11. The dental floss of claim 10, wherein the extender is selected from the group 
consisting of oils, waxes, resins and asphalts. 

12. The dental floss of claim 1, wherein the outer sheath has a Shore A hardness 
of 10 or less. 

13. The dental floss of claim 1, wherein the coating level of the outer sheath is 
from 150 to 400% based on the denier of the fiber. 

14. The dental floss of claim 1, wherein the outer sheath is applied by coating the 
fiber core with a solution comprising said thermoplastic elastomer. 

15. The dental floss of claim 1, wherein the outer sheath is applied by coating the 
fiber core with a hot melt comprising said thermoplastic elastomer. 
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16. A method of making a dental floss comprising: (a) providing a multifilament 
fiber; and (b) applying . sheath layer including a thermoplastic elastomer to the surface 
of the multifilament fiber to provide a dental floss. 

17. The method of claim 16, further comprising bulking a portion of the 
multifilament fiber prior to step (b), to form brush portions. 

18. The method of claim 16, wherein the thermoplastic elastomer comprises a 
block copolymer. 

19. The method of claim 18, wherein said block copolymer is a styrenic block 
copolymer. 

20. The method of claim 19. wherein the block copolymer is a selected from the 
group consisting of styrene-isoprene-styrene, styrenc-butadiene-styrene and styrene- 
ethylene-butylene-styrene copolymers. 

21. The method of claim 16, wherein the sheath layer further comprises an 
extender. 

22. The method of claim 16, wherein said applying step comprises coating the 
multifilament fiber with a solution comprising the thermoplastic elastomer. 

23. The method of claim 16, wherein said applying step comprises coating the 
multifilament fiber with a hot melt comprising the thermoplastic elastomer. 

24. A method of flossing the teeth of a mammal by inserting between two teeth of 
the mammal a length of a dental floss comprising a fiber core and a sheath comprising 
a thermoplastic elastomer. 

25. The method of claim 24, wherein said fiber core comprises a multifilament 
fiber. 

26. The method of claim 24, wherein said thermoplastic elastomer comprises a 
block copolymer. 

27. The method of claim 24, wherein said sheath further comprises an extender. 

28. The method of claim 24, wherein said sheath has a Shore A hardness of 1 0 or 

less. 

29. The method of claim 1 6, wherein said applying step comprises wire coating the 
thermoplastic elastomer onto the multifilament fiber. 



WO 97/49352 



1/2 



PCT/US97/10342 




SUBSTITUTE SHEET (RULE 26) 



WO 97/49352 



PCTAJS97/10342 



TEFLON TEFLON 



TEFLON GUIDE GUIDE GUIDE 




SPOOL BATH GUN 



FIG. 2 




FLOSS 
SPOOL 



GUIDE 



MELT 

RESERVOIR 




DIE 
BLOCK 




WINDER 



FIG. 3 




INTERNATIONAL SEARCH REPORT 



Internal* Application No 

PCT/US 97/10342 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61C15/04 A61K7/16 



According to International Patent Gasification (tPC) or to both nation al clarification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61C A61K 



Documentation searched other 



than minimum documentation to the extent that such documents are mcluded in the fields searched 



Electronic data base consulted during the mlcmaoonal search (name of data base and, where pracocal, search terms used) 



1 C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropnate, of the relevant passages 



US 3 838 702 A (STAND I SH N ET AL) 1 
October 1974 

see column 1, line 23 - line 47 
see column 2, line 1 - line 9 
see column 2, line 38 - line 56 

US 5 262 468 A (CHEN JOHN Y) 16 November 
1993 

cited in the application 

see column 6, line 53 - line 63 

US 4 583 564 A (FINKELSTEIN PAUL ET AL) 
22 Apri 1 1986 . on 

see column 1, line 67 column 2, line Z9 

-/-- 



1-29 



4-8, 

18-20,26 



1,16,24 



I ££j Further documents are listed in the continuation of box C. 
[ * SpeaaJ categories of ated documenU : 

•A' document defining the general state of the art which is not 

considered to be of particular relevance 
•E* earlier document but published on or after the internanonal 
, filing date 

•i * document which may throw doubts on pnoniy daim(s) or 
1 < w2h?c!5 Id e*Ubl«h the publicatior .date of another 
citation or other tpeaal reason (as specified) 
•O' document referring to an oral disclosure, we, exhibition or 
other means 

P* document pubbshed prior to the intemattonal filing date but 
laur than the pnorrty date claimed 

Date of the actual completion of the international search 



0 



Patent fanuly members are listed tn annex. 



•T later document published after the international filing date 
oTpn^tydatewdn^ 

atedto understand the principle or theory underlying the 
invention 

■X- document of particular relevance; ^^^ 1 ^ t, °" 
cannot be considered novel or cannot be cwmdered to 
involve an inventive step when the document is taken alone 

•Y* document of particular relevance; the claimed jnvenoon 
cannot be considered to involve tn inventive «ep whenu* 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

•&* document member of the s ame patent family 
Dale of mailing ol the international search. report 

30. oa 97 



23 September 1997 



[Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Paientlaan 2 
NL - 2280 HV Riiswijk 
Tet ( ♦ 31-70) 340-2040, Tx. 31 6SI epo nl. 
Fax <« 31-70) 340-3016 



Authonwd officer 



Chabus, H 



Fwm PCT/ISA/JtO f«con« «h«0 < Ju, V ,9W » 



page 1 of 2 



INTERNATIONAL SEARCH REPORT «■» ahm.* 

. PCT/US 97/1034? 

C4Cont.nuit.on> nnrnucKrrc rnncmcppp Tn nr nCLD'AIJT 


Citegory 


' Qtrton of document, wife .ndieation, „,„«« .ppropn,,,, „, ^ „ lcvlnt paugtt ■ 


Relevant to claim No. 


P.X 


WO 96 39117 A (GILLETTE CANADA ; TSENG 

MINGCHIH H (US); MASTERMAN THOMAS CRAIG 

(US) 12 December 1996 

see page 7, line 9 - line 15 

see page 8, line 35 - page 9, line 10 

see page 10, line 16 - line 26 

see page 11, line 28 - line 31 

see figure 3B 

0 («m»gi«w or laaM Matt) ((„!, mi) "" ~ 


1-29 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

IniormiDon on patent family members 





form PCT/1SA/310 (p.u»t Umity duly 



